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The importance of head position on various field of dentistry and especially in 
orthodontic has been extensively studied or reviewed. In the field of orthodontics the 
clinical significance of positioning the head in standardized manner for clinical 
examination ,capturing photograph & cephalometric purpose has been of paramount 
importance for diagnosis and treatment planning and for various research studies . 
Many authors have attempted to orient the head in a more standardized 
reproducible manner which should cater the needs for all the individual for 
application in the field of orthodontics. Von Baer
1 
in 1861, was the first to propose 
that, the head should be place in reproducible and standardized position which he 
termed as Natural head position .In his method the subjects were instructed to sit 
comfortably and relaxed, on a stool and asked to look in to the round mirror located at 
the same level as the pupils of their eyes to achieve the Natural head position. 
Broca
2 
 in 1862,  in an attempt to standardized the head position, stated that  “when a 
man is standing and his visual axis is horizontal, he (HIS HEAD) is said to be in 
natural position, which can be reproduced by the individual at any given time . 
Downs
4
 in 1956, applied the above concept and photographed lateral head 
profiles of 100 children by making them to stand in front of the mirror and look in to 
their own eyes, in order to differentiate harmonious profile from the inharmonious 
ones. Moorrees and Kean
6  
in 1958, introduced the possibility of utilizing an extra-
cranial line of reference, namely true vertical for cephalometric study .His primary 
purpose was to test the hypothesis that the natural head position of man was relatively 
constant. Showfety et al
18 
in 1983, was the first to introduce a fluid level device 
attached to patients head as a means of reproducing subject’s NHP to the cephalostat  
when taking a lateral head film exposure. Lundstrom and Lundstrom
31 
in 1992, 
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were the first to publish a photographic technique for transferring NHP to a lateral 
cephalometric film using   Molhave’s orthoposition7  in which the patient is made to 
stand in upright posture so that the weight bearing area of the body ie hip-joint axis, 
should be in line in body’s centre of gravity. Preston et al35 in 1997, used 
inclinometer to establish the relationship between ortho-position and walking 
position, for 5 consecutive days and concluded the mean walking head posture was 
tipped backward relative to mean natural head ortho position. Gangadhar et al
38
 in 
2001,
 
modified a method to capture true vertical reference line’s shadow on the 
patient’s face , by using light source and marked using metal markers ,which is then 
transferred to the conventional lateral cephalogram. Mehmet et al
45
 in 2004, 
investigated the study based on natural head posture on different head types and found 
that natural head posture was not statistically different in head type groups. Fattahi et 
al
58 
in 2012, compared the reproducibility of natural head position in photographs 
taken at different times of the day (morning, noon and evening) and concluded that 
reproducibility was more stable at noon and evening than in morning. 
Limitation in studying the reproducibility of natural head position using the 
above 2-dimensional methodologies gave way for further studies to be done in all 3-
dimensional space for more accuracy in diagnosis and treatment planning. Janalt and 
Zacharias et al
54
 in 2009, projected horizontal and vertical laser beams on patients 
face, standing in Natural head position, and using CBCT, assessed, the pitch, roll and 
yaw of the head 3-dimensionally. Lucia and Ann et al
55
 in 2009, used 3-dimensional 
intra-cranial reference planes and compared with visual axis of natural head position , 
using cephalogram acquired from CBCT images and concluded that intra-cranial 
reference plane (IRP) is slightly more, reliable. Webber and Fallis
67
 In 2013, 
evaluated the reproducibility of natural head position  in all 3 planes of space  using 
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Icat CBCT machine in 5 intervals of time and concluded that coronal plane was least 
variable than other planes. Tai chiu at al
68 
in 2014, used stereophotogrammetry  
along with  digital mesh model for recording natural head position .In this study  laser 
beams were projected in all 3-planes of axis ie X axis(pitch) ,Y axis(yaw) and Z axis 
(roll) on the digital mesh model which is then transferred to the computer along with 
patients facial image. The above procedure were repeated 20 times and all the images 
superimposed on the coordinates to find the reliability.  Xiau and qian et al
70
 in 
2015, did a study using gyroscope attached physical head model and recorded various 
positions of the head model ,using multi-camera system and  lasers to assess the 
accuracy and repeatability and clinical feasibility of materials used in the study. They 
concluded that multi-camera system along with lasers proved to be more accurate and 
clinically feasible.  
The term Natural head posture is another terminology which is frequently 
used in orthodontics and cannot be interchanged with natural head position. 
According to cooke and wie natural head posture is “the natural, physiologic position 
of the head that is assumed when a relaxed subject looks at a distant reference point”, 
which is determined by the physiological behavior of the muscles of the head & neck 
and its response to physiological and environmental conditions. Variation in head 
posture has been associated with respiratory function and various craniofacial 
function. Head posture can also  be altered by any deformities related to the  position 
of  feet ,legs and pelvic, lumbar, thoracic or chest /shoulder/ arm postures .Many 
studies compared the natural head posture with  nasal airflow
15 
,cheek pressure
  
,deglutition
23
, hyo-mandibular functions
25
,
 
dento-alveolar morphology to cranio-
cervical posture
13 
,the hyoid bone and tongue with an without enlarged tonsils
27 
and found that the any abnormality above said factors could directly or indirectly 
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influence the head posture . Due to the above reasons, which could alter the 
reproducibility and create a bias, all the samples were standardized using Natural 
head position, instead of Natural head posture. 
Till date, all the earlier studies related to Natural head position were 
undertaken with photos taken in profile view using normal reflecting mirror. No 
similar studies on reproducibility have been undertaken using a mirror, which is 
partially transparent and reflecting, where the subject to be placed in front of the 
mirror, & camera placed behind the mirror to capture the Frontal view, for assessing 
the reproducibility. 
Hence, my aim of the study was to find the reproducibility of Natural 
head position in both frontal and profile view photograph, with and without 
cephalostat, using partially transparent mirror method at three different time 
intervals.
REVIEW OF LITERATURE  
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Von Baer et al
1
 (1861) described one of the first techniques for recording 
NHP. The subjects were instructed to sit comfortably and relaxed on a stool and while 
doing so they were asked to look in the image of their eyes in a round mirror located 
at the same level as the pupils of their eyes. Most subsequent investigations have used 
an adaptation of this original technique. 
Broca et al
2
 (1862)
 
introduced first definition of head orientation in a 
“natural” position . This concept was put forward as a guideline for craniologists to 
orient dry skulls for analysis. Broca defined the natural head position “when a man is 
standing and when his visual axis is horizontal, he is in the natural position”.  In order 
to determine natural head balance a horizontal or vertical reference line was used 
outside the cranium ,but preference was given generally to the horizontal line. 
Schmidt et al
3
  ( 1876)
 
 stated that the natural posture of the head with the 
eyes focussed at the horizon was determined by muscular control. This may be 
consistent with Von Ihering’s findings who reported the greatest consistency in 
natural head position to be in “muscular and intelligent people”. The muscular control 
is reflected by the angulation that an individual’s head makes with the underlying 
cervical column supporting it. Ten repeated observations of 20 individuals were made 
by him and five other observers and showed that head position could be reproduced 
with little variability when corrections were made in the self-position if necessary. In 
his observations, he used a wooden frame to which a protractor and plumb line were 
attached. The constancy of head position was reported to be greatest in “muscular and 
intelligent people”. 
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Downs et al
4
 (1956)
 
 published first orthodontic publication relating to NHP. 
This study set out to clarify harmonious dentofacial profiles from inharmonious ones 
providing a logical means of soft tissue profile typing. He photographed 100 
children’s lateral head profiles while standing and looking at their own eyes into a 
mirror. He concluded that individuals vary greatly in facial type and pattern, those 
possessing optimum oral health, functional balance and esthetics have certain 
common profile characteristics. 
Bjern et al
5
 (1957)
 
investigated one of the first papers to objectively assess 
reproducibility of NHP. After registering 35 subjects in NHP on three separate 
occasions, a method error analysis was carried out. The difference between the 
maximum and minimum values of the 3 determinations of the angle SN/HOR was 
calculated for standing subjects, and the resultant mean error was 2.26° with a 
standard deviation of 1.34°. The method error or reproducibility of the sitting position 
was 2.73° with a standard deviation of 1.62°. 
Moorrees et al
6
 (1958)  related NHP to the extracranial reference plane of 
true vertical and tested the intra-individual reproducibility of NHP by means of a 
method error study. The subjects were placed in NHP within the  cephalostat prior to 
lateral head radiograph exposures. The resultant film captured NHP with a vertical 
stainless steel wire on the radiograph cassette providing a true vertical reference plane 
and the cephalostat used was modified from the original Broadbent cephalostat. It had 
no ear plug engagement and the radiograph cassette was oriented with a sprit level to 
the horizontal with a wire running vertically down it. He found that biologic variation 
of the intra cranial line studied is greater than the variation encountered in registration 
of natural head position . 
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Mølhave et al
7
 (1959)
 
 described about the standing position, used to record 
NHP. He described “orthoposition, it was the intention position from standing to 
walking. Perhaps this implies a posture with more neck flexion than extension (i.e. the 
head postured down), since the results of this investigators have provided information 
about biostatic under physiological conditions. 
Cleall et al
8
  (1965) his investigation has been conducted to determine the 
standardized cinefluorographic records of swallowing, the resting posture and 
movement patterns of the oropharyngeal structures under normal and abnormal 
conditions and to attempt to assess the degree of adaptation shown by these structures. 
The study has centered upon the effects of such factors as dental arch form, skeletal 
structure, and various mechanically induced and functional abnormalities on the 
position and movement patterns of the tongue, lips, mandible and he concluded that 
much information in this field has been gained from clinical observation, 
electromyography, pressure-measuring devices, and cinefluorograph. 
 Cleall et al
9
 (1966) investigated natural head posture  to deglutition ,the 
stability of the posture within the individual subject and to determine the postural 
relationship and variation of certain craniofacial skeletal structure , amount of changes 
in head positioning during swallowing. The study concluded that great variation 
existed in the movement patterns during swallowing between different individuals. 
During swallowing slight head movement was observed all the study groups. 
Mills et al
10
 (1968) published a grid method of assessing lateral head 
radiographs in which the subjects were recorded in natural head position. He used a 
very similar radiographic technique of Moorrees and Kean, except that the stool was 
adjusted for height and not the cephalostat. The grid method of cephalometric analysis 
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in conjuction with the concept of natural head position as presented in this study, has 
permitted a closer correlation of the lateral head radiographs with the clinical 
appearance of the patient. 
Solow et al
11
 (1971) introduced a concept, “Self balance position” and 
compared with mirror guided method. This method of head orientation was defined as 
“the subject’s own feeling of natural head balance”. This undoubtedly has an element 
of subjectivity and is open to subject interpretation. This investigation found less 
reproducibility in the self balance position, when compared with the mirror guided 
head position 
Solow et al
12
  (1976)  investigated the reproducibility of self balance position 
and the mirror guided NHP in 120 Danish male students of age 22 to 30 years. It was 
found that in the mirror position, the subject’s heads were generally held higher than 
in the self-balance position. Additionally, it was shown that both head positions could 
be reproduced without systematic error. The NHP reproducibility in the self-balance 
and mirror guided head position were Dahlberg values of 2.48° and 1.43° 
respectively.  
Solow et al
13 
 (1977)  studied  associations between dentoalveolar morphology 
and the posture of the head and the cervical column . Two head positions were 
recorded on lateral cephalometric radiographs, one determined by the subjects's own 
feeling of a natural head balance (self balance position) and the other by the subject 
looking straight into a mirror (mirror position). Dentoalveolar morphology was 
described by 17 linear and angular variables and postural relationships by 18 angular 
variables. No associations were observed between craniocervical angulation and 
alveolar prognathism or incisor inclination.  
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Vig et al
14
  (1980) noted variations in natural head position by previous 
workers to be associated with both dentoalveolar and craniofacial skeletal 
morphologic features. Three experiments are described, dealing with the influence of 
(1) total nasal obstruction, (2) visual feedback deprivation, and (3) a combination of 
(1) and (2) on the posture of the cranium measured relative to a gravity-defined true 
vertical reference plane. The results indicate that total nasal obstruction results in all 
cases in an extended head position. Visual deprivation produces adaptation of a 
smaller magnitude and unpredictable direction. Combination of both experimentally 
induced conditions indicates a dominance of the respiratory adaptation in terms of 
postural response to these stimuli. 
Weber et al
15
 (1981) determined whether artificially induced extended head 
posture decreases the resistance to nasal airflow. The experimental sample comprised 
fifteen male students with normal vertical facial proportions and no histories of 
chronic mouth breathing. Head posture of the sample was assessed by measuring the 
craniovertical angle by means of an angle finder. Nasal resistance units were 
calculated from the parameters of nasal airflow and differential pressure across the 
nasal airway during the complete respiratory cycle using an equation analogous to 
Ohm's law. No association could be found between an extended head posture position 
and a decreased resistance to nasal airflow. 
 Marcotte
16
 (1981) determined the head posture measured by the angle between a 
constructed horizontal line and a true vertical and he evaluated in relation to 
parameters of facial forms. It was concluded that the posture and facial form are 
found to be a significantly correlated with mandibular prominence showing the 
strongest correlation. 
REVIEW OF LITERATURE  
10 
 
Siersbaek-Nielsen et al
17
 (1982) examined the reliability of a method that 
uses dental auxiliaries for routine recording of the natural head posture in children in 
an orthodontic clinic. The duplicate cephalometric head films were analyzed 
separately for the groups of patients recorded by each of  three operators. The method 
was found to yield sufficient reproducibility and is suggested to be of clinical value in 
the study of head posture in relation to orthodontic treatment. 
Showfety et al
18
 (1983) described standing natural head position is a 
reproducible, physiologically determined aspect of function. Recent studies have 
demonstrated associations between this aspect of function and the form of the 
skeletodental features, in both growing and nongrowing persons. A simple method 
has been devised which obviates the need for multiple radiographs to determine the 
clinical reliability of the method.  
Showftey et al
19
 (1987)
 
determined  the orientation of the sella-nasion line to 
true vertical in natural head posture and found it to be correlated with some measures 
that describe internal craniofacial morphology and concluded reliability can be 
determined and recorded on a standard cephalometric radiograph by using with a 
simple fluid-level device and a standardized technique. 
Cole et al
20
 (1988) described, the relationship of the head to the true vertical 
and the relationship of the head posture  to the cervical column. Natural head position 
affected cranial base orientation and this alone produced class II or III effects. Natural 
head position was also associated with maxillary prognathism whilst natural head 
posture appeared more closely related to mandibular prognathism. These phenomena 
may help to explain an apparent class II or III tendency in cases where the saddle 
angle is normal. 
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Cooke MS et al
21
 (1988) analysed clinical interest in natural head posture 
(NHP) derives from studies correlating NHP to craniofacial morphology, future 
growth trends, and to respiratory needs. It has also been argued that NHP is the 
logical reference and orientation position for craniofacial analysis and the publication 
of illustrations. Without ear posts the radiographs tended to be of poor quality.  
Cooke ms et al
22
 (1988) assessed simple and clinically practical five-factor 
cephalometric summary analysis and described that it is based on the true horizontal 
and natural head posture. Special reference is made to the AB/horizontal angle as an 
improved method for the assessment of the sagittal skeletal pattern. Analysis of 
individual subjects produced differing interpretations of craniofacial form, depending 
upon whether the conventional intracranial planes were used as reference or the true 
horizontal. It was concluded that conventional methods may result in significant 
errors in analysis, diagnosis, and treatment. The new methods produce valid 
supplementary data. 
Ingerva. b et al
23
 (1988) measured maxillary cheek pressures  in the molar 
area, at the teeth and high in the buccal sulcus, in both natural and extended head 
positions, with teeth at rest and in function. Highest pressures are found on the 
alveolar process, with some increases with the head extended and the jaw at dental 
rest position. 
Sandham et al
24
 (1988). determined that in normal subjects  head posture is 
related to facial development and changes in head posture are influenced by changes 
in nasal respiratory resistance (NRR). In the determination of these associations it is 
therefore important to assemble cephalometric data from lateral skull radiographs that 
have been standardized for position as well as for natural head posture. The study 
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demonstrates that a reproducible head posture position exists that can be recorded 
with a method error of only a few degrees. 
 Winnberg et al
25
 (1988)
 
investigated the influence of altered head posture on 
hyo-mandibular movements, suprahyoid muscle length, suprahyoid working angle, 
and timing of suprahyoid and masseter muscle activity by using synchronized 
electromyography and videofluorography (lateral projection). Twelve adult male 
subjects with normal dentofacial morphology were investigated during the open-
close-clench cycle by using upright head position (Frankfort horizontal) as reference. 
The results indicated that head posture is a significant factor in studies of mandibular 
and hyoid bone movements, and masseter and suprahyoid muscle function. 
Greenfield et al
26
 (1989)
 
  examined the effect of cephalostatic ear rods on the 
positions of the head and neck. The method error was assessed for postural recordings 
of the head and neck position made with and without ear rods. A photographic angle 
was correlated with the postural angles on x-ray film. The difference in the 
photographic angle was found to have a moderate positive correlation with the 
difference in the cervical inclination and the total head and neck position. These data 
suggest that lateral cephalostatics without ear rods may be used to record total head 
and neck position and the photographic technique may be used as a quick, 
inexpensive method for the clinician to determine head and neck positional changes 
before and after treatment.  
Behlfelt et al
27
 (1990) analysed whether there were any differences between 
children with and without enlarged tonsils with regard to the posture of the head, the 
hyoid bone, and the tongue. The vertical position of the hyoid bone also reflected the 
vertical position of the tongue. The antero-posterior position of the tongue was closely 
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related to the oro-pharyngeal depth and concluded that postural pattern in children 
with enlarged tonsils appears to be associated with the need for maintenance of free 
oro-pharyngeal airway capacity. 
Cooke MS. et al
28
 (1990)
 
 reported the results of a 5-year longitudinal study 
evaluating the reproducibility over time of NHP lateral cephalometric radiographs. 
The subjects were 126 randomly selected Chinese children in Hong Kong who were 
first assessed at the age of 12 years. Thirty subjects were recorded after 5 years. NHP 
reproducibility deteriorated over time but showed signs of stabilizing after one  to one 
and half  years.  
Murphy et al
29
  (1991) studied  the relationships between cranial posture and 
functions such as respiration and jaw movements. The project was undertaken to 
develop a system of instruments capable of the continuous measurement and 
recording of cranial posture for extended periods of time. A number of aspects of this 
system were tested. The results indicated that the experimental array of instruments 
measures head posture accurately over a defined range of cranial movement. This 
technique made it possible to measure cranial posture in a more dynamic and 
physiologic manner. 
Lundström A  et al
30
 (1991)  determined   facial soft tissue profile in natural 
head position involving 11 indices (ratios), was applied to 80 Caucasian, and 80 
Chinese male and female 12-year-old children in Hong Kong. The analysis was based 
on the true horizontal and the porion vertical, and had the advantage that its 
foundation lies on a more stable (less growth affected) region of the head compared to 
profile soft tissue landmarks. It was concluded that a proportional soft tissue profile 
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analysis, based on natural head position, is a useful method for the comparison of 
ethnic population groups 
Fredrik Lundström et al
31
  (1992)  analysed the  sample of orthodontic 
patients (27 boys and 25 girls, 10 to 14 years old), natural head position (NHP) was 
photographically recorded. A vertical axis was recorded on the photographs with a 
plumb line and transferred to the lateral head radiographs of the patients. Three 
cephalometric reference lines (sella-nasion, basion-nasion, and porion-orbitale) were 
compared with regard to their inclination to the horizontal plane. Reproducibility of 
NHP, assessed as the error of a single observation, was close to 2 degrees. A strong 
correlation was found between the inclinations of the three cephalometric reference 
lines to the horizontal plane.  
Huggare JA et al
32
 (1993) designed in order to test the applicability of the 
fluid-level method for registration of natural head position. The reproducibility of the 
craniovertical, craniocervical and cervicohorizontal relationships was comparable 
with previous results with the mirror method. It was shown that using the fluid level, a 
patient can be transferred from a standing to a sitting position in the cephalostat 
without any systematic change in craniovertical, craniocervical or cervicohorizontal 
relationships. 
Ferrario VF et al
33
 (1994) evaluated the radiographs, according to both the 
standard intracranial references and NHP. On the NHP photograph, the angle between 
the soft tissue nasion-pogonion line and the true vertical was calculated, and this value 
was used to rotate the standard radiograph around the Bolton point. On an average, 
the angle tragus-orbitale-porion was about 6 degrees. In young orthodontic patients 
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NHP wss therefore highly variable, gender dependent, and could not  be deduced 
from mean population values.  
Lundstrom et al
34
 (1995) studied from tracings registered in the natural head 
position (NHP). The angle between the Frankfort horizontal (FH) and the horizontal 
at right angles to the plumb line was measured. No statistically significant difference 
in variability was found between FH and the sella-nasion line.  
Preston in et al
35
 (1997)  investigated the relationship between NHP and head 
posture measured during walking by the use of an inclinometer. The inclinometer is a 
commercially available device that uses a contactless precision potentiometer to 
continuously measure changes in inclination around a single axis of rotation. On a 
pair of spectacles, the inclinometer was fixed to one arm and a counterbalanced 
weight on the other arm. Then NHP was recorded with subjects wearing the 
spectacles using the protocol outlined by Sandham . 
Peng L et al In
36
 (1999)  reported  the 15-year longitudinal reproducibility of 
natural head posture. The individual variability of natural head posture reproducibility 
increased slightly over time. After 15 years the variance of natural head posture 
remains significantly less than the variance of intracranial reference planes to the 
vertical (25 degrees to 36 degrees). Cephalometric analyses based on natural head 
posture therefore remain valid over time. 
Leitão P et al
37
 (2000) analysed the average inclination of the intracranial 
reference planes, Frankfurt horizontal, and palatal plane, in relation to the true 
horizontal were nearly similar and smaller than 1 degrees. The "extenders" had higher 
values for the facial axis and lower face height, and smaller for the face height ratio. 
Besides these 3 measurements, there was a tendency for the extenders to have 
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increased anterior vertical height, distal sagittal relations, and smaller and retrognathic 
mandibles. Correlation coefficients between postural and morphologic variables 
tended to confirm these observations. 
Raju NS et al
38
 (2001) determined the cephalograms taken in the Natural 
Head Position (NHP), and related to the true vertical and the true horizontal reference 
planes should logically replace the planes used in conventional cephalometry. This 
has not happened because of the difficulties in radiographically recording the NHP. It 
represents a modified approach to capture the true vertical reference line on the 
patients face itself in NHP, which is then transferred to the conventional lateral 
cephalogram. 
Usumez et al
39
 (2001)  studied about to  (1)  construct a device to record 
natural head position and transfer it to the cephalostat, (2) to assess its clinical use, 
and (3) to evaluate the reproducibility of lateral cephalograms taken with the device. 
The device, incorporated into a pair of eyeglass frames, included 2 tilt sensors to 
measure pitch and roll of the head. He concluded that ,this technique should make it 
possible to measure and reproduce head position accurately. Minimizing the size of 
the device, making it radiolucent, and integrating it into the radiographic device will 
make it more versatile and decrease error 
Bister et al
40
 in (2002) investigated the reproducibility of NHP  by using V-
line which was soft tissue nasion-subnasale and E-line which was that of the Ricketts 
analysis. There is substantial evidence in the orthodontic literature to suggest that 
when compared to true horizontal, NHP is clinically reproducible. Therefore the 
reproducibility result is only valid if there is minimal remodelling of sella and nasion 
such that the relative orientation of SN does not change over time. 
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Demetrios et al
41
 (2002) assessed whether NHO is influenced by facial 
morphology. Lateral photographs of 14 patients were used. Each was warped to 
produce 2 new images, with the chin positioned backwards or forwards relative to the 
original. The results showed that NHO depended on chin position. Images with 
protrusive chins were positioned with the head rotated more downwards (Frankfort 
plane 3.10° relative to horizontal) than were images with retrusive chins (Frankfort 
plane 4.98°). These findings call into question the validity of NHO for diagnosis 
because it depends on the same factor it aims to assess. Use of NHO would result in 
underestimating the true skeletal relationship 
Bass N.M et al
42
  (2003) assessed  cephalometric measurement of the face in 
terms of aesthetics which could be difficult and misleading due to the variability of 
the intra-cranial reference lines. Extra-cranial references are more accurate, but can be 
time-consuming to apply. The instrument used for measuring the profile angle and the 
transfer is readily constructed from a protractor and small weight. The technique can 
also be used to transfer any other orientation (e.g. Natural Head Position or Natural 
Head Posture) from the patient to a recent radiograph. 
Silva et al
43 
 (2003) determined by factors of physiological nature in  natural 
head position (NHP). The adoption of this position, has been insistently suggested in 
literature not only to minimize the distortions caused by positions of the patient’s 
head in the cephalostat, but also to overtake the inherent distortion concerning the use 
of Frankfort Horizontal as an orientation plane, in cephalometric analysis 
Usumez et al
44
 (2003) analysed the, Sagittal (pitch) and transversal (roll) 
natural head position (NHP) was measured once in 20 subjects, 18 to 24 years of age, 
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with an inclinometer; the measurements were repeated 2 years later. The method error 
(reproducibility) after 2 years was 1.1° for sagittal and transversal measurements.  
Akçam MO et al
45
 (2004) determined different head types, 
Hyperbrachycephal, Brachycephal, Mesocephal or Dolichocephal according to the 
cephalic index. Analysis of variance and the Duncan's test were performed to assess 
inter-group differences for the parameters. The findings revealed that, NHP was 
statistically not different between the head type groups. Thus, it was suggested that 
environmental factors during growth may alter NHP, as well as craniofacial 
morphology but in a different manner (i.e. degree and direction) in each head type. 
Chung et al
46
 (2005) evaluated the reliability of a 3-dimensional facial 
scanning technique for the measurement of facial morphology. Forty subjects, mean 
age 11 years 3 months, were analyzed for soft tissue changes at baseline (T1), within 
3 minutes (T2), and 3 days later (T3) by using 2 commercially available Minolta 
Vivid 900 (Osaka, Japan) laser-scanning devices assembled as a stereo pair. Left and 
right images were merged to form the whole face, and these images were 
superimposed to assess the errors at T1 and T2, and T1 and T3. Capturing the soft 
tissue morphology of the face with this technique is clinically reproducible within 3 
minutes and 3 days of the initial records. 
 Armijo et al 
47
(2006) evaluated the differences that exist between 
craniocervical measurements in lateral teleradiographs when comparing the position 
of the head in the self-balanced position to the position of the head using the Frankfurt 
method (Frankfurt plane parallel to the floor). No changes related to gender and age 
were found.  
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M. Nouri1 et al
48
 (2006) analyzed short-term reproducibility between the two 
photographs and the long term reproducibility between the first photograph-
radiograph and the second photograph-radiograph. The time interval between the two 
photographs was 4 to 10 minutes (short-term period) and a radiograph was taken 
approximately 2 years, 6 months after the first photograph. These were obtained by 
one operator and device in standing subjects. In order to evaluate NHP 
reproducibility, the photographs and radiographs were superimposed on the true 
vertical line and the angle between the true horizontal (from N') and N'-Pog' was 
assessed. NHP is a reproducible position in adults after 3 years. This position is more 
consistent in men. Photographic and radiographic registrations of NHP indicate 
similar results.  
McGuinness et al
49
 (2006) examined the relationship between RME and the 
change in airway resistance, or the relationship between airway resistance and natural 
head position (NHP). Rapid maxillary expansion (RME) has shown to increase nasal 
permeability and reduce nasal airway resistance. An ongoing change in head posture 
was suggested possibly due to a change in the mode of breathing from oral to nasal as 
a result of RME, thereby contributing to a change in craniofacial development, 
supporting and adding to the soft tissue stretching hypothesis. 
Usumez S et al
50 
(2006)
 
investigated static and walking head position 
measurements and the use of  mean dynamic measurement of head position to 
represent natural head position for positioning when taking case records such as 
lateral and posteroanterior cephalograms, clinical extraoral photography, or 3-
dimensional imaging.  
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Jiang J et al
51
 (2007)
  
assessed the significant correlation between RNHP and 
ENHP, both on the photographs and on the cephalograms. RNHP is the subjective 
perception of the subject and gets some objective meaning by mirror orientation. 
ENHP is the subjective perception of assessors and gets objective meaning by a 
standardization session in advance. The mirror orientation of RNHP and the advance 
standard study of ENHP are crucial for validity and accuracy of NHP as an 
extracranial reference plane.  
Madsen DP et al
52
 (2008)  analysed  potential usefulness of a range of 
craniofacial reference planes to HOR, including those which have not been 
investigated previously: the Krogman-Walker (KW) line, the neutral horizontal axis, 
the foramen magnum line, and the posterior maxillary plane. The KW line and palatal 
plane were also on average orientated closest to HOR. Therefore, the KW line and 
palatal plane are potential substitutes for the commonly used reference planes in the 
absence of a reliable NHP. However, NHP still represents a more valid craniofacial 
reference system than the investigated reference planes. 
Chung chen et al
53
 (2008) assessed the cephalometric measurement of the 
face in terms of aesthetics can be difficult and misleading due to the variability of the 
intra-cranial reference lines according to diversity of head posture. Natural head 
position (NHP) has been proposed as a preferred reference position for assessing 
facial morphology. Even though natural head position is more proper and valid, it is 
still abandoned by reasons of time-consumption and additional and necessary 
complex equipment. Hence, we developed a modified level laser approach to acquire 
the natural head position. This method was a simple and straight forward technique 
which may be of value as and adjunct to routine orthognathic planning 
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Lucia et al
54 
(2009)
 
determined the reliability of obtaining two-dimensional 
cephalometric measurements using two virtual head orientations from cone-beam 
computed tomography (CBCT) models. An orthodontist, a dental radiologist, and a 
third-year dental student independently oriented CBCT three-dimensional (3D) 
renderings in either visual natural head position (simulated NHP) or 3D intracranial 
reference planes (3D IRP). Each observer created and digitized four CBCT-generated 
lateral cephalograms per patient, two using simulated NHP and two using 3D IRP at 
intervals of at least 3 days. This may reflect the ease of using the guide planes to 
position the head in the 3D IRP during the simulation process. 
 Janalt Damstra et al 
55 
(2010) developed a modified laser level technique to 
record the natural position of the head in all three planes of space and he projected 
horizontal and vertical laser beams on patients face, standing in Natural head position, 
and using CBCT. He assessed,  the pitch ,roll and yaw of the head 3-dimensionally 
This was a simple method for use with three-dimensional images and may be valuable 
in routine craniofacial assessment.  
Adriana Pereira
 
et al 2010
56 
analysed differences in the NHP within a 15-day 
interval with or without the aid of a cephalostat in profile view photographs. The NHP 
proved to be a method with good reproducibility in children. Photographs were taken 
in the NHP using a digital camera with and without the aid of a cephalostat. A vertical 
line (VL) was used as reference for the measurements. The photographs were taken 
again after a 15-day interval using the same protocol. Reproducibility of the NHP 
between both photograph sessions was evaluated using an angular measurement 
between the reference vertical line and a profile line passing through the soft 
pogonion and the upper lip point and found no statistical difference were found 
between 15 days with and without cephalostat. 
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Ec schatz et al
57
 (2010)
 
 developed a new technique for recording natural head 
position (NHP) in 3 dimensions and transferring it into a three-dimensional computed 
tomography (CT) model. In this technique, a digital gyroscope was first attached to a 
human head using a bite-jig and a face-bow with a set of built-in fiducial markers. 
The relationship between the gyroscope and fiducial markers was predetermined and 
kept constant. The three-dimensional head model was reoriented to the recorded 
orientation by applying the recorded pitch, roll, and yaw to the gyroscope model. 
Finally, the accuracy of the technique was tested on a human dry skull. The results 
showed that the NHP was successfully recorded and transferred to the three-
dimensional CT model. The authors concluded that our technique could accurately 
and repeatedly record NHP three-dimensionally and transfer it to a three-dimensional 
CT head model. 
Dvortsin DP
58
 et al (2011) assesed reorientation of radiographs according to 
standardized photographs made at the NHP. The N-line is a reproducible and stable 
reference line for the reorientation. It is preferred over the V-line or even E-line, 
especially when the radiographs and photographs are taken at different sessions or at 
different treatment stages.   
 Fattahi S et al
59
 (2012) analysed NHP orientation at different times of the 
day in the initial measurements  or after a 6-month period. The time of the day during 
which the photograph is taken does not affect the reproducibility of NHP. However, 
this orientation was more stable in the evening and at noon than in the morning. No 
differences were found between genders. In conclusion, measurements of NHP with 
the ala-tragus plane were more stable than measurements based on intracranial 
reference planes. 
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Naveen Bansal  et al
60
 (2012) investigated the sexual difference in the data 
obtained, from the study between male and female subjects and compared the data 
given in 10-measurement cephalometric analysis based on natural head position. It 
was concluded that cephalometrics is constantly undergoing refinements in its 
techniques and analyses to improve the clinical applications. NHP, a long-proposed 
modification, yet not fully into practice, can be an "ideal" reference for us to improve 
our cephalometric interpretation.  
Sanjeev Kumar Verma  et al
61
 (2012)  analysed if the Frankfort horizontal is 
a useful compromise for studying skulls but not for orienting the natural head position 
(NHP) in the living because it is normally distributed around a true extracranial 
horizontal. Registration of head posture in its natural position has the advantage that 
an extracranial vertical or a horizontal perpendicular to that vertical can be used as 
reference line for cephalometric analysis.  
Khan AR et al
62
 (2012) evaluated the mirror method and the fluid level 
device method used for obtaining natural head position were comparable without any 
significance, and the fluid level device method was more reproducible and showed 
less variance when compared to mirror method for obtaining natural head position. 
Lateral cephalometric radiographs have become virtually indispensable to 
orthodontists in the treatment of patients. Fluid level device method was more 
reproducible and showed less variance when compared to mirror method for obtaining 
natural head position.  
Sitarama raju et al
63
 (2012) 
 
determined the variability of S-N and Frankfort 
planes, to establish the reproducibility of natural head position, to establish norms for 
five cephalometric parameters in natural head position. Considerable variation in the 
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inclination of conventional S-N and FH planes, a true horizontal extracranial 
reference line in NHP should substitute, or at least supplement the use of intracranial 
reference planes for efficient orthodontic diagnosis and treatment planning. The new 
norms established for the five cephalometric parameters provide data that more 
closely describes morphology as it appears in real life.  
Dayhanara Martínez et al
64
 (2013) evaluated cephalometric discrepancy of 
some reference planes and angles in relation to the natural head position.  The patient 
positioned his head in a relaxed way looking into the horizon, with slightly separated 
legs, arms resting at the sides of the body, lips at rest. The second radiograph 
(assisted) was taken with parameters and without the olives pressing the external 
auditory meatus. The measurements in both plates were traced, measured and 
compared .He found statistically significant difference between Frankfort plane and 
true horizontal and between nasion perpendicular to point A .  
Rosas gomes et al
65
 (2013) compared the relationship between craniofacial 
measurements obtained from cephalometric radiographs and analogous measurements 
from profile photographs. Intraclass correlation coefficients (ICCs) were calculated 
from repeated photographic measurements to evaluate method reliability. The 
photographic method has proven to be a repeatable and reproducible tool provided 
that a standardized protocol is followed. Therefore, it may be considered a feasible 
and practical diagnostic alternative, particularly if there is a need for a low-cost and 
noninvasive method . 
Zohreh et al
66
 (2013) evaluated the natural head position for the three skeletal 
classes of malocclusion. A more forward head posture was observed in skeletal class 
III participants compared to skeletal class I and II and that class III patients tended to 
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incline their head more ventral compared to class I participants. These findings may 
have implications for the amount of jaw movements during surgery particularly in 
patients with a class III malocclusion. 
Diana W. Weber, et al
67
 (2013)  evaluated the reproducibility of natural head 
position over time in the sagittal, coronal, and axial planes of space with 3-
dimensional imaging By using a 3-dimensional camera system, photographs were 
taken at each time point to capture the orientation of the reference points, a 
statistically significant difference was observed between the mean angular deviations 
of 3 reference planes, with a hierarchy of natural head position reproducibility 
established as coronal, axial, sagittal. Within the parameters of this study, natural head 
position was found to be reproducible in the sagittal, coronal, and axial planes of 
space. The coronal plane had the least variation over time, followed by the axial and 
sagittal planes. 
Tai-chiu et al 
68
 (2014)  developed a technique to record physical references 
and orient digital mesh models to a natural head position using stereophotogrammetry 
(SP). The first step was to record the digital mesh model of a hanging reference board 
placed at the capturing position of the SP machine. The board was aligned to true 
vertical using a plumb bob. It also was aligned with a laser plane parallel to a hanging 
mirror, which was located at the center of the machine. The parameter derived from 
the digital mesh model of the board was used to adjust the roll, pitch, and yaw of the 
subsequent captures of patients' facial images. This information was valid until the 
next machine calibration.  
Kim et al 
69
 2014 investigated a new method to record and reproduce the 
three-dimensional natural head position (NHP) from a single photograph of a patient's 
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face using a pose from orthography and scaling with iterations (POSIT) algorithm. 
The method developed was highly reproducible during intra-observer and inter-
observer variation analyses. The accuracy of the method was clinically acceptable, 
and the procedure was time- and cost-effective. This method is accurate and 
inexpensive; additionally, it does not affect the patient's lip position, and we expect it 
to be routinely used during orthognathic surgery. 
Perieira et al
70
 (2014) determined, whether non-horizontal occlusal plane 
inclinations in the transverse direction, which tend to compromise esthetics, may lead 
to misdiagnosis. Non-horizontal OP inclinations, especially those in the transverse 
direction, may lead to misdiagnosis. To circumvent this problem the authors suggest 
that intraoral photographs be taken encompassing the patient's eyes. By applying this 
method, the interpupillary line serves as both a reference and a means of evaluating 
transversal OP. 
Tian and wang et al
71
 (2015) evaluated the reproducibility of natural head 
position for pitch and roll acquired using 3 methods . Three-dimensional photographs 
were recorded with a horizontal laser line projected onto the face. The laser lines were 
observed by registering the repeated 3-dimensional photographs. The roll and pitch of 
the head orientation were measured with a digital ruler. The 3 methods are 
reproducible for both pitch and roll, and the estimated position showed the best 
reproducibility among these methods. This indicates that the estimated position could 
be used for acquiring the reference plane in preoperative planning for orthognathic 
surgery. 
Cassi et al 
72
(2016) determined the correct position of the patient's head and a 
standard system for the acquisition of images that are essential for objective 
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evaluation of the facial profile and the skull, and for longitudinal superimposition. 
The relatively recent transition in orthodontics from 2-dimensional to 3-dimensional 
imaging, and from analogue to digital technology, has renewed attention in finding a 
versatile method for the establishment of an accurate and reliable head position during 
the acquisition of serial records ,consider methods to reproduce and record the 
position in two and three planes. 
Sokucu et al
73
 ( 2016)  compared the head posture of patients with obstructive 
sleep apnea (OSA) having different levels of severity with that of control subjects. 
Seventy-five subjects were allocated into mild, moderate, or severe OSA groups, and 
25 subjects with no complaints regarding OSA served as the controls. Cephalometric 
radiographs were obtained from all participants in natural head position. 
Craniocervical, craniovertical, and cervicovertical angles were measured in the 
groups. Head posture showed significant differences in patients with OSA. In general, 
the more severe the OSA, the more extended the natural head position as indicated by 
increases in the craniocervical angles. The cervical posture parameters may indicate 
existing OSA. 
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MATERIALS USED UN THE STUDY 
1. DSLR camera-CANON -1200d 
2. One side mirror (mounted frame) - Glass is coated with or has encased within a 
thin and almost-transparent layer of metal (usually aluminum ) is 
a mirror that is partially reflective and partially transparent. When one side of 
the mirror is brightly lit and the other is dark it allows viewing from the darkened 
side but not vice versa 
3.  Light source –simpex pro 300d 
4.  Camera tripod 
5. True vertical plumb line with plumb bob  
6. Cephalostat –orthogonus XG5 
7. Measuring tape 
8. Computer software-screen protractor(v1.1) 
INCLUSION CRITERIA  
The subjects who were undertaken in the study met with following inclusion 
criteria 
 62
: 
1) No previous orthodontic treatment or maxillofacial surgery done  
2)  All patients with complete permanent dentition  
3)  Age limit between 18-25years  . 
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EXCLUSION CRITERIA  
The subjects who were excluded following criteria for this study because this 
criteria may alter the head position and reproducibility
62 
1) No history of respiratory tract problem  
2) Congenial craniofacial abnormalities-cleft lip and palate,micrognathia,scoliosis 
3) History of traumatically -induced deformity  
4) History of myofacial pain syndrome 
5) Squint eye 
6) History of head and neck surgery . 
DIVISION OF SAMPLES  
30 Subjects full-filling the inclusion criteria were selected in this study. 30 
Subjects were divided each for cephalostat group and without cephalostat group. 
Frontal and profile photographs were taken for each subjects in both the groups .All 
the photograph were taken in natural head position   at 3 intervals of time. 
                            
                    
 
 
 
 
. 
 
 
with 
cephalostat 
without 
cephalostat 
Frontal  
      30 SUBJECTS 
    TIME INTERVAL 
T-0 BASE 
LINE 
T-1 AFTER 
1 HOUR 
T-2 AFTER 
1 WEEK 
profile frontal profile 
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METHODOLOGY 
The samples for this study were seleScted from students of Sri Ramakrishna 
dental college Coimbatore . Each subject were trained to stand in natural head 
position, using mirror method for both profile 
 56 
and frontal views . 
PHOTOGRHAPHIC PROTOCOL  
The photographic technique involved establishing the subjects in NATURAL 
HEAD POSITION, closely followed the protocol outlined by Solow and Tallgren
11
. 
4 PHOTOGRAPHS  TAKEN IN 3 INTERVALS OF TIME    
A. Frontal view photo of subject with cephalostat  
B. Frontal view photo subject without cephalostat  
C. Profile view photos of subject with cephalostat  
D. Profile view photos of subject without cephalostat  
Time intervals  
                            T0- base line 
                            T1- after 1 hour 
                            T2 – after 1 week  
STANDARDIZATION OF SUBJECTS 
The camera was placed on a tripod to standardize the distance between camera 
and the subject, so that undesirable  movements of operator while taking photographs 
also avoided . The centre of camera lens was kept 3feet (90CM)
56
 away from subjects 
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who were  asked to stand in relaxed position and to look straight into the one way 
mirror at the eye level
56,62
.  
One way Mirror was mounted on aluminium frame of size 100*30 cm, One 
way Mirror kept 3feet (90CM) away from subjects .Vertical plumb line using plumb 
bob was used for obtaining true vertical line
28,56,62
. 
 STANDARDIZATION OF SUBJECTS IN FRONTAL VIEW 
 Once the patient remained stable in the Natural head position, the ear rods 
were inserted with light skin contact. At this time, the first photograph with 
cephalostat was taken {FIGURE-5}. Next the ear rods were removed and the patient 
was again instructed to move one step forward, maintain his/her feet a short distance 
apart, with back straight in NATURAL HEAD POSITION looking into his/her eyes 
in the mirror while the second photograph without cephalostat was taken {FIGURE -
6 }. All the photograph for frontal view was taken through the mirror with the 
camera placed at the backside of the mirror {FIGURE-1,2,3,4}. The captured 
photograph of each subjects transfer to the computer for the quantification procedure 
by using computer software (screen protractor (v1.1) . 
STANDARDIZATION OF SUBJECTS IN PROFILE VIEW 
 Patient remained stable in the Natural head position, the ear rods were inserted 
with light skin contact. At this time, the first photograph with cephalostat was taken 
{FIGURE -8).Next, the ear rods were removed and the patient was again instructed 
to move one step forward , maintain his/her feet a short distance apart, looking into 
his/her eyes in the mirror while the second photograph without cephalostat was taken 
{FIGURE – 9}, All the photograph for profile view was taken by ,the  camera which 
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was placed perpendicular to the subject and mirror was placed in front of the 
subject. The captured photograph of each subjects is then transfer to the computer for 
the  computer software(screen protractor (v1.1)  
QUANTIFICATION 
SCREEN PROTRACTOR  
Screen protractor (v1.1) is the computer software which was used to 
measure the angle between two lines directly on the computer screen (figure-10) . 
QUANTIFICATION FOR FRONTAL VIEW PHOTOGRAPH  
For each patient, Inter-puppilary line
70
 was drawn using computer 
software (screen protractor v1.1) for frontal photograph .A plumb line which 
defines the True vertical line
28,56,62
(TVL) was used as reference line for the 
quantification .The angle between true vertical
28,56,62
 and inter-puppilary line
70
 was 
measured using screen protractor v1.1 to asses the reproducibility of natural head 
position in the three intervals of time for each patient with and without 
cephalostat
26
(figure-11) 
QUANTIFICATION FOR PROFILE VIEW PHOTOGRAPH 
For each patient, RICKETS E-PLANE
37,42,58
 was drawn using computer 
software (screen protractor v1.1) for frontal photograph. A plumb line which 
defines the True vertical line
28,56,62
 (TVL) was used as reference line for the 
quantification. The angle between true vertical and RICKETS E-PLANE was 
measured using screen protractor v1.1 to asses the reproducibility of natural head 
position in the three intervals of time for each patient with and without cephalostat 
(figure-12 
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Figure- 1-Through one side mirror        Figure -2- Reflection of one side mirror 
 
Figure -3 Through the camera –camera place behind the one way mirror-for 
frontal view 
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STANDARDIZATION OF FRONTAL VIEW 
 
 
 
 
 
 
 
 
 
 
  STANDARDIZATION OF PROFILE VIEW 
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FIGURE -4 -Standarization of frontal view 
 
Figure- 5 –frontal view with cephalostat 
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Figure – 6 – frontal view without cephalostat 
 
Figure -7  Standardization of profile view 
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Figure-8-Profile view –with cephalostat 
 
Figure-9- Profile view –without cephalostat 
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Figure-10-computer software –screen protractor 
Figure-11-frontal view 
MATERIALS AND METHODOLOGY   
39 
 
 
Figure-12-profile view 
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SRI RAMAKRISHNA DENTAL COLLEGE AND 
HOSPITAL,COIMBATORE 
DEPARTMENT OF ORTHODONTICS AND DENTOFACIAL 
ORTHOPAEDICS 
 
CONSENT FORM  
 
I ,Mr/Mrs/Ms…………………………….aged ……………….was made aware by the 
doctor about the study that involes the taking of the photograph  to find the 
reproducibility of  Natural head position . Doctor was also explained about the time 
intervals of the study . 
I give my consent to use my records for educational purpose in articles or books .i 
agree to participate in this study and give my full consent for the photographic 
procedures. 
DATE      : 
PLACE     : 
 
PATIENT SIGNATURE   : 
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RESULTS 
A total of 30 patients were included in the study. For each patient photographs 
were taken in Natural Head Position in both profile and frontal views with the head 
stabilized using cephlostat and without cephalostat  at three different time intervals  
(T0, T1, T2). Thus the reproducibility of NHP in frontal and profile views were 
studied with cephalostat and without using cephalostat. 
STATISTICAL ANALYSIS 
One-Sample Kolmogorov -Smirnov Test was done to show that the test 
samples followed a normal or Gaussian distribution. Since the test distribution were 
normal ,paired samples ‘t’ test was done to compare the reproducibility of natural 
head position with cephalostat and without cephalostat in both frontal and profile 
view in 3 interval of times (T0,T1,T2). 
PARAMETERS ASSESSED: 
I. INTRA GROUP COMPARISON  
 1) Intra group comparison of mean value of Frontal view-with cephalostat  
 2) Intra group comparison of mean value of Frontal view-without cephalostat  
 3) Intra group comparison of mean value of Profile view-with cephalostat  
 4) Intra group comparison of mean value of Profile view-without cephalostat  
 5) Intra group comparison between time intervals –Frontal view with cephalostat 
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           a) Comparison  between T0-T1 with cephalostat  in Frontal view  
           b) Comparison between T0-T2 with cephalostat in Frontal view 
           c) Comparison between T1-T2  with cephalostat in Frontal view  
6) Intra group comparison between time intervals –Frontal view without cephalostat 
           a) Comparison between T0-T1 without  cephalostat  in Frontal view  
           b) Comparison between T0-T2 without  cephalostat in Frontal view 
           c) Comparison between T1-T2 without cephalostat in Frontal view  
7) Intra group comparison between time intervals –Profile view with cephalostat 
           a) Comparison between T0-T1 with cephalostat  in Profile view  
           b) Comparison between T0-T2 with cephalostat in Profile view 
           c) Comparison between T1-T2 with cephalostat in Profile view  
8) Intra group comparison between time intervals –Profile view without cephalostat 
           a) Comparison between T0-T1 without cephalostat in Profile view  
           b) Comparison between T0-T2 without cephalostat in Profile view 
           c) Comparison between T1-T2 without cephalostat in Profile view  
II. INTER-GROUP COMPARISON  
1) Inter group comparison between with cephalostat and without cephalostat in 
frontal view at time interval T0-T0 
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2) Inter group comparison between with cephalostat and without cephalostat in 
frontal view at time interval T1-T1 
3) Inter group comparison between with cephalostat and without cephalostat in 
frontal view at time interval T2-T2 
4) Inter group comparison between with cephalostat and without cephalostat in 
profile view at time interval T0-T0  
5) Inter group comparison between with cephalostat and without cephalostat in 
profile view at time interval T1-T1 
6) Inter group comparison between with cephalostat and without cephalostat in 
profile view at time interval T2-T2 
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I ) INTRA GROUP COMPARISON  
1) INTRA GROUP COMPARISON OF MEAN VALUES OF FRONTAL 
VIEW - WITH CEPHALOSTAT. 
             The mean values for 30 samples with cephalostat (group-I) at 3-intervals of 
time were   90.56 , 90.43 and  90.33 respectively .The absolute angular values 
indicate that the reproducibility errors decreased with time from T0 to T2, indicating 
maximum reproducibility at T2 ( as shown in TABLE-1 and GRAPH-1 ) 
             Since the p value was > (0.05) , it showed  no statistical significant difference 
among 3-intervals of time within group I samples.  
2) INTRA GROUP COMPARISON OF MEAN VALUES OF FRONTAL 
VIEW - WITH OUT CEPHALOSTAT  
             The reproducibility mean values for 30 samples without cephalostat (group-
II) at 3-intervals of time were 90.85, 90.81, 90.71 respectively .The absolute angular 
values indicate that the reproducibility errors decreased with time from T0 to T2,  
indicating maximum reproducibility at T2. (as shown in TABLE-2 and GRAPH-2 ) 
              Since the p value was > (0.05), it showed no statistical significant difference 
among 3-intervals of time within group II samples. 
3) INTRA GROUP COMPARISON OF MEAN VALUES OF PROFILE 
VIEW - WITH CEPHALOSTAT . 
             The reproducibility mean values for 30 samples with cephalostat  at 3-
intervals of time were  17.97 , 17.76 and 17.71   respectively .The absolute 
angular values indicate that the reproducibility errors decreased with time from T0 
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to T2 ,indicating maximum reproducibility at T2 . ( as shown in TABLE-3 and 
GRAPH-3 ) 
             Since the p value was   > (0.05) , it showed  no statistical significant 
difference among 3-intervals of time within samples. 
4) INTRA GROUP COMPARISON OF MEAN VALUES OF PROFILE 
VIEW – WITHOUT  CEPHALOSTAT . 
             The mean values for 30 samples without cephalostat (group-II) at 3-intervals 
of time were 18.08 , 17.93 , 17.83 respectively .The absolute angular values indicate 
that the reproducibility errors decreased with time from T0 to T2, indicating 
maximum reproducibility at T2 . ( as shown in TABLE-4 and GRAPH-4 ) 
              Since the p value was  > (0.05) , it showed  no statistical significant 
difference among 3-intervals of time within group II samples. 
5) INTRA GROUP COMPARISON BETWEEN TIME INTERVALS - 
FRONTAL VIEW WITH CEPHALOSTAT 
a) INTERPETATION  BETWEEN T0-T1 WITH CEPHALOSTAT IN 
FRONTAL VIEW 
Intra group comparison between time intervals in frontal view with cephalostat were 
compared .The angular values between T0(BASE LINE) and T1(AFTER 1 HOUR)  
were T0-90.5607, T1-90.4317  , indicating the maximum reproducibility  at T-1 than 
T-0 . ( as shown in TABLE-5a and GRAPH-5a ) 
Since the p value(0.362),it showed  no statistical significant difference    
among  T-0 and T-1. 
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b) INTERPETATION  BETWEEN T0-T2  WITH CEPHALOSTAT IN 
FRONTAL VIEW 
Intra group comparison between time intervals in frontal view with cephalostat 
were compared .The angular values between T0(BASE LINE) and T2 (AFTER 1 
WEEK)  were T0-90.5607, T2-90.3270, indicating the maximum reproducibility  at 
T-2  than T-0 . ( as shown in TABLE-5b and GRAPH-5b ) 
Since the p value(0.201), it showed  no statistical significant difference among  
T-0 and T-2. 
c) INTERPETATION  BETWEEN T1-T2  WITH CEPHALOSTAT IN 
FRONTAL VIEW 
Intra group comparison between time intervals in frontal view with cephalostat 
were compared .The angular values between T1(AFTER 1 HOUR ) and T2 (AFTER 
1 WEEK)  were T0-90.4317, T2-90.3270, indicating the maximum reproducibility  at 
T-2  than T-1. ( as shown in TABLE-5c and GRAPH-5c ) 
Since the p value(0.536),it showed  no statistical significant difference among  
T-1 and T-2. 
6) INTRA GROUP COMPARISON BETWEEN TIME INTERVALS - 
FRONTAL VIEW WITHOUT CEPHALOSTAT 
a) INTERPETATION  BETWEEN T0-T1 WITHOUT CEPHALOSTAT IN 
FRONTAL VIEW 
Intra group comparison between time intervals in frontal view without 
cephalostat were compared .The angular values between T0(BASE LINE) and 
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T1(AFTER 1 HOUR)  were T0-90.8547, T1-90.8100 , indicating the maximum 
reproducibility  at T-1 than T-0 . ( as shown in TABLE-6a and GRAPH-6a ) 
Since the p value (0.830),it showed  no statistical significant difference among  
T-0 and T-1. 
b) INTERPETATION  BETWEEN T0-T2 WITHOUT CEPHALOSTAT IN 
FRONTAL VIEW  
Intra group comparison between time intervals in frontal view without 
cephalostat were compared .The angular values between T0(BASE LINE) and T2 
(AFTER 1 WEEK )  were T0-90.8547, T2-90.7057 , indicating the maximum 
reproducibility  at T-2 than T-0 . ( as shown in TABLE-6b and GRAPH-6b ) 
Since the p value(0.614), it showed  no statistical significant difference among  
T-0 and T-2. 
c) INTERPETATION  BETWEEN T1-T2 WITHOUT CEPHALOSTAT IN 
FRONTAL VIEW  
Intra group comparison between time intervals in frontal view without 
cephalostat were compared .The angular values between T1 (AFTER 1 HOUR) and 
T2 (AFTER 1 WEEK)  were T1-90.8100, T2-90.7057 , indicating the maximum 
reproducibility  at T-2 than T-1 . ( as shown in TABLE-6c and GRAPH-6c ) 
Since the p value(0.521), it showed  no statistical significant difference among  
T-1 and T-2 . 
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7) INTRA GROUP COMPARISON BETWEEN TIME INTERVALS - 
PROFILE VIEW WITH CEPHALOSTAT 
a) INTERPETATION  BETWEEN T0-T1 WITH CEPHALOSTAT IN 
PROFILE VIEW 
Intra group comparison between time intervals in profile view with cephalostat 
were compared .The angular values between T0(BASE LINE) and T1(AFTER 1 
HOUR)  were T0-17.9717, T1-17.7620, indicating the maximum reproducibility  at 
T-1 than T-0 . ( as shown in TABLE-7a and GRAPH-7a ) 
Since the p value(0.237), it showed  no statistical significant difference among  
T-0 and T-1. 
b) INTERPETATION BETWEEN T0-T2 WITH CEPHALOSTAT IN 
PROFILE VIEW 
Intra group comparison between time intervals in profile view with cephalostat 
were compared .The angular values between T0(BASE LINE) and T2 (AFTER 1 
WEEK)  were T0-17.9717 , T2-17.7127, indicating the maximum reproducibility  at 
T-2  than T-0 . ( as shown in TABLE-7b and GRAPH-7b ) 
Since the p value(0.091), it showed  no statistical significant         difference 
among  T-0 and T-2. 
c) INTERPETATION  BETWEEN T1-T2  WITH CEPHALOSTAT IN 
PROFILE VIEW 
Intra group comparison between time intervals in frontal view with cephalostat 
were compared .The angular values between T1(AFTER 1 HOUR ) and T2 (AFTER 
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1 WEEK)  were T1-17.7620, T2-17.7127, indicating the maximum reproducibility  at 
T-2  than T-1. 
Since the p value(0.721) , it showed  no statistical significant         difference 
among  T-1 and T-2. ( as shown in TABLE-7c and GRAPH-7c ) 
8) INTRA GROUP COMPARISON BETWEEN TIME INTERVALS - 
PROFILE VIEW WITHOUT CEPHALOSTAT 
a) INTERPETATION  BETWEEN T0-T1 WITHOUT CEPHALOSTAT IN 
FRONTAL VIEW 
Intra group comparison between time intervals in profile view without 
cephalostat were compared .The angular values between T0(BASE LINE) and 
T1(AFTER 1 HOUR)  were T0-18.0763, T1- 17.9313 , indicating the maximum 
reproducibility  at T-1 than T-0 . 
Since the p value(0.649) , it showed  no statistical significant         difference 
among  T-0 and T-1. ( as shown in TABLE-8a and GRAPH-8a ) 
b) INTERPETATION  BETWEEN T0-T2 WITHOUT CEPHALOSTAT IN 
PROFILE VIEW  
Intra group comparison between time intervals in profile view without 
cephalostat were compared .The angular values between T0(BASE LINE) and T2 
(AFTER 1 WEEK )  were T0-18.0763, T2-17.8290, indicating the maximum 
reproducibility  at T-2 than T-0 . ( as shown in TABLE-8b and GRAPH-8b ) 
Since the p value (00.180) , it showed  no statistical significant difference 
among  T-0 and T-2. 
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c) INTERPETATION  BETWEEN T1-T2 WITHOUT CEPHALOSTAT IN 
PROFILE VIEW  
Intra group comparison between time intervals in profile view without 
cephalostat were compared .The angular values between T1 (AFTER 1 HOUR) and 
T2 (AFTER 1 WEEK)  were T1-17.9313, T2-17.8290, indicating the maximum 
reproducibility  at T-2 than T-1 . ( as shown in TABLE-8c and GRAPH-8c ) 
Since the p value(0.398), it showed  no statistical significant         difference 
among  T-1 and T-2 . 
II.  INTER-GROUP COMPARISON 
1) Interpetation of inter group comparison between with cephalostat group and  
without cephalostat group in frontal view  at time interval T0-T0 
Inter group comparison between with cephalostat group and  without 
cephalostat group in frontal view  at time interval T0-T0 were compared. The angular 
mean value between with cephalostat and without cephalostat in base line (T0-T0) 
were (90.56 - 90.8547)  , with cephalostat (90.56) group shows less error and more 
reproducibile than without cephalostat group (90.8547). ( as shown in TABLE-I1.1 
and GRAPH-1I.1 ) 
Since the p value(0.312), it showed  no statistical significant difference among  
with cephalostat and without cephalostat in frontal view.   
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2) Interpetation of inter group comparison between with cephalostat group and  
without cephalostat group in frontal view  at time interval T1-T1 
Inter group comparison between with cephalostat group and  without 
cephalostat group in frontal view  at time interval T1-T1 were compared. The angular 
mean value between with cephalostat and without cephalostat in base line (T1-T1) 
were (90.43 - 90.81)  , with cephalostat (90.43) group shows less error and more 
reproducibile than without cephalostat group (90.81) ( as shown in TABLE-I1.2 
and GRAPH-1I.2 ) 
Since the p value(0.106), it showed  no statistical significant difference among  
with cephalostat and without cephalostat in frontal view.   
3) Interpetation of inter group comparison between with cephalostat group and  
without cephalostat group in frontal view  at time interval T2-T2 
Inter group comparison between with cephalostat group and  without 
cephalostat group in frontal view  at time interval T2-T2 were compared. The angular 
mean value between with cephalostat and without cephalostat in after 1 hour (T2-
T2) were (90.32 - 90.70)  , with cephalostat (90.32) shows less error and more 
reproducibile than without cephalostat group(90.70). ( as shown in TABLE-I1.3 
and GRAPH-1I.3) 
Since the p value(0.140), it showed  no statistical significant difference among  
with cephalostat and without cephalostat in frontal view.   
 
4) Interpetation of inter group comparison between with cephalostat group and  
without cephalostat group in profile view  at time interval T0-T0 
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Inter group comparison between with cephalostat group and  without 
cephalostat group in profile view  at time interval T0-T0 were compared. The angular 
mean value between with cephalostat and without cephalostat in base line (T0-T0) 
were (17.97- 18.0)  with cephalostat group (17.97)  shows less error and more 
reproducibile than without cephalostat group (18.07) ( as shown in TABLE-I1.4 
and GRAPH-1I.4 ) 
Since the p value(0.778), it showed  no statistical significant difference among  
with cephalostat and without cephalostat in profile view.   
5) Interpetation of inter group comparison between with cephalostat group and  
without cephalostat group in profile view  at time interval T1-T1 
Inter group comparison between with cephalostat group and  without 
cephalostat group in profile view  at time interval T1-T1 were compared. The angular 
mean value between with cephalostat and without cephalostat in after 1 hour  (T1-
T1) were (17.76- 17.93)  , with cephalostat (17.76)group shows less error and more 
reproducibile than without cephalostat group (17.93). ( as shown in TABLE-I1.5 
and GRAPH-1I.5 )  
Since the p value(0.665), it showed  no statistical significant difference among  
with cephalostat and without cephalostat in profile view.   
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6) Interpetation of inter group comparison between with cephalostat group and  
without cephalostat group in frontal view  at time interval T2-T2 
Inter group comparison between with cephalostat group and  without 
cephalostat group in frontal view  at time interval T2-T2 were compared. The angular 
mean value between with cephalostat and without cephalostat in after 1 hour (T2-
T2) were (17.71- 17.82)  , with cephalostat (17.71) shows less error and more 
reproducibile than without cephalostat group (17.82).  ( as shown in TABLE-I1.6 
and GRAPH-1I.6 ) 
Since the p value(0.765), it showed  no statistical significant difference among  
with cephalostat and without cephalostat in profile view.   
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TABLE -1  INTRA GROUP COMPARISON OF MEAN VALUES OF 
FRONTAL VIEW - WITH CEPHALOSTAT 
 
 
 
 
GRAPH -1 
 
 
TABLE-2 INTRA GROUP COMPARISON OF MEAN VALUES OF 
FRONTAL VIEW - WITH OUT CEPHALOSTAT 
Without cephalostat  ( Mean ± Std. Deviation) 
            T0(Base line )              90.85 ± 1.57 
        T1(After 1hour)              90.81 ± 1.65              
        T2(After 1 week)               90.71 ± 1.82 
 
GRAPH-2 
 
90.2 
90.3 
90.4 
90.5 
90.6 
T0 T1 T2 
FRONT VIEW -WITH CEPHALOSTAT 
90.6 
90.65 
90.7 
90.75 
90.8 
90.85 
90.9 
T0 T1 T2 
FRONTAL VIEW-WITHOUT 
CEPHALOSTAT 
                               With cephalostat  ( Mean ± Std. Deviation) 
T0(Base line )              90.56 ± 1.26 
T1(After 1hour)              90.43 ± 1.07 
T2(After 1 week)               90.33 ± 1.17 
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TABLE-3 INTRA GROUP COMPARISON OF MEAN VALUES OF PROFILE 
VIEW - WITH CEPHALOSTAT . 
                             With cephalostat  ( Mean ± Std. Deviation) 
T0(Base line ) 17.97 ± 5.49 
T1(After 1hour) 17.76 ± 5.53 
T2(After 1 week) 17.71 ± 5.5 
 
GRAPH-3 
 
 
TABLE-4 INTRA GROUP COMPARISON OF MEAN VALUES OF 
PROFILE VIEW – WITHOUT  CEPHALOSTAT . 
 
Without cephalostat  ( Mean ± Std. Deviation) 
T0(Base line ) 18.08 ± 5.93 
T1(After 1hour) 17.93 ± 5.56 
T2(After 1 week) 17.83 ± 5.91 
 
GRAPH-4 
 
17.5 
17.6 
17.7 
17.8 
17.9 
18 
T0 T1 T2 
17.7 
17.8 
17.9 
18 
18.1 
T0 T1 T2 
PROFILE VIEW -WITHOUT CEPHALOSTAT 
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TABLE-5a TABLE- INTRA GROUP COMPARISON BETWEEN T0-T1  
WITH CEPHALOSTAT IN FRONTAL VIEW 
CEPHALOSTAT Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P 
value 
T0 0.5607 30 1.25560 .22924 0.1290 
 
0.362 
            T1 90.4317 30 1.07203 .19573 
 
GRPAH-5a 
 
TABLE-5b INTRA GROUP COMPARISON BETWEEN T0-T2 WITH 
CEPHALOSTAT IN FRONTAL VIEW 
CEPHALOSTAT Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P 
value 
T0 90.5607 30 1.25560 .22924 0.23367 
 
0.201 
T2 90.3270 30 1.16732 .21312 
 
GRAPH-5b 
 
 
90.35 
90.4 
90.45 
90.5 
90.55 
90.6 
T0 T1 
INTRA GROUP COMPARISON 
BETWEEN T0-T1    
90.2 
90.3 
90.4 
90.5 
90.6 
T0 T2 
INTRA GROUP COMPARISON 
BETWEEN  T0-T2    
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TABLE 5c- INTRA GROUP COMPARISON BETWEEN T0-T2 WITH 
CEPHALOSTAT IN FRONTAL VIEW 
CEPHALOSTAT Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P 
value 
T1 90.4317 30 1.07203 .19573 
0.10467 0.536 
T2 90.3270 30 1.16732 .21312 
 
GRAPH-5c 
 
 
TABLE 6a- INTRA GROUP COMPARISON BETWEEN T0-T1  WITHOUT 
CEPHALOSTAT IN FRONTAL VIEW 
 
GRAPH-6a 
 
90.25 
90.3 
90.35 
90.4 
90.45 
T1 T2 
INTRA GROUP COMPARISON 
BETWEEN  T1-T2    
90.78 
90.8 
90.82 
90.84 
90.86 
T0 T1 
INTRA GROUP COMPARISON 
BETWEEN  T0-T1    
WITHOUT 
CEPHALOSTAT 
Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P value 
 
T0 90.8547 30 1.57336 .28726 
0.0447 0.830 
T1 90.8100 30 1.64973 .30120 
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TABLE 6b- INTRA GROUP COMPARISON BETWEEN T0-T2  WITHOUT 
CEPHALOSTAT IN FRONTAL VIEW 
WITHOUT 
CEPHALOSTAT 
Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P value 
 
T0 90.8547 30 1.57336 .28726 
0.14900 
0.614 
 T2 90.7057 30 1.81966 .33222 
 
GRAPH-6b 
 
TABLE 6c- INTRA GROUP COMPARISON BETWEEN T1-T2  WITHOUT 
CEPHALOSTAT IN FRONTAL VIEW 
WITHOUT 
CEPHALOSTAT 
Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P value 
T1 90.8100 30 1.64973 .30120 
0.10433 
0.521 
 T2 90.7057 30 1.81966 .33222 
 
GRAPH-6c 
 
90.6 
90.65 
90.7 
90.75 
90.8 
90.85 
90.9 
T0 T2 
INTRA GROUP COMPARISON 
BETWEEN  T0-T2    
 
90.65 
90.7 
90.75 
90.8 
90.85 
T1 T2 
INTRA GROUP COMPARISON 
BETWEEN  T1-T2    
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TABLE 7a- INTRA GROUP COMPARISON BETWEEN T0-T1 WITH 
CEPHALOSTAT IN PROFILE VIEW 
CEPHALOSTAT Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P value 
T0 17.9717 30 5.49275 1.00283 
0.2097 0.237 
T1 17.7620 30 5.52886 1.00943 
 
GRAPH-7a 
 
TABLE 7b- INTRA GROUP COMPARISON BETWEEN T0-T2 WITH 
CEPHALOSTAT IN PROFILE VIEW 
 
GRAPH-7b 
 
17.6 
17.7 
17.8 
17.9 
18 
T0 T1 
INTRA GROUP COMPARISON 
BETWEEN  T0-T1    
 
17.4 
17.6 
17.8 
18 
T0 T2 
INTRA GROUP COMPARISON 
BETWEEN  T0-T2    
 
CEPHALOSTAT Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P 
value 
T0 17.9717 30 5.49275 1.00283 
0.259500 0.091 
T2 17.7127 30 5.50092 1.00433 
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TABLE 7c- INTRA GROUP COMPARISON BETWEEN T1-T2 WITH 
CEPHALOSTAT IN PROFILE VIEW 
 
GRAPH – 7c 
 
TABLE 8a- INTRA GROUP COMPARISON BETWEEN T0-T1  WITHOUT 
CEPHALOSTAT IN PROFILE VIEW 
WITHOUT 
CEPHALOSTAT 
Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P value 
T0 18.0763 30 5.92646 1.08202 0.145 0.649 
T1 17.9313 30 5.56166 1.01542 
 
GRAPH-8a 
 
17.68 
17.7 
17.72 
17.74 
17.76 
17.78 
T1 T2 
INTRA GROUP COMPARISON 
BETWEEN  T0-T1    
 
17.85 
17.9 
17.95 
18 
18.05 
18.1 
T0 T1 
INTRA GROUP COMPARISON 
BETWEEN  T0-T1   
 
CEPHALOSTAT Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P 
value 
T1 17.7620 30 5.52886 1.00943 
0.0493 0.721 
T2 17.7127 30 5.50092 1.00433 
RESULTS 
 
61 
 
TABLE 8b- INTRA GROUP COMPARISON BETWEEN T0-T2 WITHOUT 
CEPHALOSTAT IN PROFILE VIEW 
 
GRAPH-8b 
 
TABLE 8c- INTRA GROUP COMPARISON BETWEEN T1-T2  WITHOUT 
CEPHALOSTAT  IN PROFILE VIEW 
WITHOUT 
CEPHALOSTAT 
Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P 
value 
T1 17.9313 30 5.56166 1.01542 
0.1023 0.398 
T2 17.8290 30 5.90512 1.07812 
 
GRPAH-8c 
 
17.6 
17.8 
18 
18.2 
T0 T2 
INTRA GROUP COMPARISON 
BETWEEN  T0-T2    
 
17.75 
17.8 
17.85 
17.9 
17.95 
T1 T2 
INTRA GROUP COMPARISON 
BETWEEN  T1- T2    
 
WITHOUT 
CEPHALOSTAT 
Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P 
value 
T0 18.0763 30 5.92646 1.08202 
0.247 0.180 
T2 17.8290 30 5.90512 1.07812 
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11) INTER GROUP COMPARISON 
TABLE- 11.1) INTER GROUP COMPARISON BETWEEN WITH 
CEPHALOSTAT GROUP AND  WITHOUT CEPHALOSTAT GROUP IN 
FRONTAL VIEW  AT TIME INTERVAL T0-T0 
 
GRAPH-7a 
 
TABLE- 11.2) INTER GROUP COMPARISON BETWEEN WITH 
CEPHALOSTAT GROUP AND  WITHOUT CEPHALOSTAT GROUP IN 
FRONTAL VIEW  AT TIME INTERVAL T1-T1 
 
T1-T1 Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P 
value 
WITH 
CEPHALOSTAT 
90.4317 30 1.07203 .19573 
-0.3783 
 
0.106 
WITHOUT 
CEPHALOSTAT 
90.8100 30 1.6493 .30120 
 
GRAPH-II.2 
 
90.4 
90.6 
90.8 
91 
WITH 
CEPHALOSTAT 
WITHOUT 
CEPHALOSTAT 
INTER GROUP COMPARISON 
BETWEEN  T0-T0    
 
90.2 
90.4 
90.6 
90.8 
91 
WITH 
CEPHALOSTAT 
WITHOUT 
CEPHALOSTAT 
INTER GROUP COMPARISON 
BETWEEN  T1-T1    
 
T0-T0 Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P value 
WITH 
CEPHALOSTAT 
90.5607 30 1.25560 .22924 
-0.294 0.312 
WITHOUT 
CEPHALOSTAT 
90.8547 30 1.5733 .28726 
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TABLE- 11.3) INTER GROUP COMPARISON BETWEEN WITH 
CEPHALOSTAT GROUP AND  WITHOUT CEPHALOSTAT GROUP IN 
FRONTAL VIEW  AT TIME INTERVAL T2-T2 
 
T2-T2 Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P 
value 
WITH 
CEPHALOSTAT 
90.3270 30 1.16732 .21312 
0.37867 0.140 
WITHOUT 
CEPHALOSTAT 
90.7057 30 1.81966 .33222 
 
GRAPH-II.3 
 
TABLE- 11.4) INTER GROUP COMPARISON BETWEEN WITH 
CEPHALOSTAT GROUP AND  WITHOUT CEPHALOSTAT GROUP IN 
PROFILE VIEW  AT TIME INTERVAL T0-T0 
 
T0-T0 Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P 
value 
WITH 
CEPHALOSTAT 
17.9717 30 5.49275 1.00283 
-0.10467 0.778 
WITHOUT 
CEPHALOSTAT 
18.0763 30 5.92646 1.08202 
 
GRAPH-II.4 
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TABLE- 11.5) INTER GROUP COMPARISON BETWEEN WITH 
CEPHALOSTAT GROUP AND  WITHOUT CEPHALOSTAT GROUP IN 
PROFILE VIEW  AT TIME INTERVAL T1-T1 
 
T1-T1 Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P 
value 
WITH 
CEPHALOSTAT 
17.7620 30 5.52886 1.00943 
-.16933 0.655 
WITHOUT 
CEPHALOSTAT 
17.9313 30 5.56166 1.01542 
 
GRAPH – II.5 
 
TABLE- 11.6 ) INTER GROUP COMPARISON BETWEEN WITH 
CEPHALOSTAT GROUP AND  WITHOUT CEPHALOSTAT GROUP IN 
PROFILE VIEW  AT TIME INTERVAL T2-T2 
 
 
GRAPH-II.6 
17.6 
17.8 
18 
WITH 
CEPHALOSTAT 
WITHOUT 
CEPHALOSTAT 
INTER GROUP 
COMPARISON 
BETWEEN  T1-T1    
17.65 
17.7 
17.75 
17.8 
17.85 
WITH 
CEPHALOSTAT 
WITHOUT 
CEPHALOSTAT 
INTRA GROUP COMPARISON 
BETWEEN  T2-T2    
 
T2-T2 Mean N 
Std. 
Deviation 
Std. Error 
Mean 
Mean 
difference 
P 
value 
WITH 
CEPHALOSTAT 
17.7127 30 5.50092 1.00433 
-0.11633 
 
0.765 
WITHOUT 
CEPHALOSTAT 
17.8290 30 5.90512 1.07812 
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The importance of positioning the head in  “Natural Head Position”   prior to 
taking facial photograph and cephalograms has been of paramount importance to 
orthodontist. The clinical significance of head positioning reproducibility errors in 
both Profile & Frontal views, for both photographs & Cephalograms has been 
affecting the diagnosis and treatment planning for the orthodontists 
60 
.  However  
these reproducibility errors has been considerably reduced with the advent of  3-
dimensional technology of recording the natural head position  compared to 
conventional 2-dimensional recordings
70,71
. Keeping in mind the various anatomical 
and physiological factors that could otherwise influence the reproducibility, proper 
standardization procedures were followed in the study to avoid operator induced 
errors, influencing the outcome of the study.  
This study was undertaken with the aim of finding the reproducibility of 30 
samples in both, frontal and profile view photograph using cephalostat and with-
out cephalostat at 3-Intervals of time. Earlier, reproducibility studies were done 
mainly for profile view. The uniqueness of this study is to assess the 
reproducibility of the Natural head position in frontal view, since earlier no such 
studies in frontal view has been done using photographs.   
The samples included in this study had no anatomical and physiological 
conditions that could indirectly influence the result of the study. The captured 
photographs of the frontal and profile views were uploaded to the computer and 
quantification of the values was done using software SCREEN PROTRACTOR 
version V1.1 .The reference line used for quantification of reproducibility error in 
frontal view is Inter-pupillary line
70
  and Rickets E-PLANE for profile view 
52,56
 , 
both correlated to TRUE VERTICAL
28,56,62
  using plumb line. Intra group and 
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inter group quantification, with and without cephalostat, for each view at 3-
intervals of time was done methodically to avoid operator error. 
In my study,  Intra group findings in frontal view with cephalostat (Table-1 
Graph-1),  at T- 2 (after 1 week) time interval, showed greater reproducibility of 
Natural Head Position  than T1(after 1 hour)  and T0 (base line) showing the least 
reproducibility for all 30 sample, hence the NHP reproducibility error decreased  over  
time, which indicating  the fact that NHP remains stable  over time . Solow et al 
11
and murphy et al
d
   suggested that NHP depends on individuals neuromuscular 
condition ,the body equilibrium and posture in ever day life  are a complex function 
involving multiple receptor organs in addition to the labyrinth of the ear , which could 
be the reasons ,  directly or indirectly controlling the  postural stability for greater 
reproducibility and less error ,for T2 time interval for all the samples,in my study. 
Sutcher et al
10
 in 1967  , had concluded that insertion of ear post could alter 
the position of the condyle within the fossa and perhaps, would result in 
proprioceptive feedback there by altering the action of the mucles , maintaining head 
posture resulting in more reproducibility errors , as seen in T0 time interval samples 
in my study. Dvortsin et al
58
 in 2011 suggested that , clinically ,because of the 
earplugs from the cephalostat ,patients tend to hold their head in an unnaturally 
extended and flexed position ,which would give misleading outcomes, which could be 
the reason for more reproducibility error in T0 time interval samples, in my study . 
In Intra group findings in  frontal view without cephalostat (Table-2 
Graph-2) also  at T-2 (after 1 week) time interval, showed greater reproducibility of 
Natural Head Position  than T1(after 1 hour)  and T0 (base line) showing the least 
reproducibility for all 30 samples ,  hence the NHP reproducibility error decreased  
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over  time , which indicating the fact that NHP remains stable  over time . Murphy et 
al
29
 in 1991   suggested that NHP depends on individuals neuromuscular condition 
,the body equilibrium and posture in ever day life  are a complex function involving 
multiple receptor organs in addition to the labyrinth of the ear , which could be the 
reasons ,  directly or indirectly controlling the  postural stability for greater 
reproducibility and less error ,  for T2 time interval for all the samples,in my study . 
Siersbeck et al
17
 in 1982   determined that ,cephalostatic ear rods could 
impose physical restraints on the head positioning procedure there by  altering the 
angular dimensions of the head and neck resulting in  more  reproducibility errors 
than without cephalostat group indicating  a contradictory result as apposed to my 
study . 
Intra group findings in profile view, with cephalostat (Table-3 Graph-3), at 
T-2 (after 1 week) time interval, showed greater reproducibility of Natural Head 
Position  than T1(after 1 hour)  and T0 (base line) showing the least reproducibility 
for all 30 sample .Huggare et al
32
 in 1993 reported , as similar finding ,as my study at 
T0 time interval,  indicating that forcing of subject into cephalostat  for maintaining 
the correct cranio-cervical  position could result in a greater reproducibility error .  
Pereria et al
56
 in 2010  , and solow et al
11
, analysed the use of the mirror,  
promotes better reproducibility , when compared with images obtained without aid of 
the mirror ,indicating that the use of mirror plays an important role in reducing the 
reproducibility error , which could be the reason for better reproducibility and less 
error  in my study ,for all samples, i used  aluminium coated  transparent mirror .  
In profile  view also , with-out cephalostat (Table-4 Graph-4) at T-2 (after 
1 week) time interval, showed greater reproducibility of Natural Head Position  than 
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T1(after 1 hour)  and T0 (base line) showing the least reproducibility for all 30 
sample . In 2012 Sanjeev et al
61
 suggested that ,capturing NHP with-out the use of 
cephalostat ,is likely to give poor reproducibility with greater reproducibility error, as 
seen in T0 samples, in my study.  
Jiang et al
51
 in 2007   stated  that , every person can register a different 
imaginary NHP ,in their mind according to their individuals subjective perception. 
However, after seeing their reflection of the  face, in the mirror ,all the individuals 
tend to adjust their head position ,more or less in a uniform position ,resulting in good 
reproducibility and less error in all the  T2 samples ,as seen in my study.  
Inter group findings between with cephalostat and without cephalostat in 
frontal view (Table-II-1,2,3 and Graph- II-1,2,3) for three time intervals  (T0-T0), 
(T1-T1), (T2-T2) were compared and evaluated .In  all the  three time intervals,  the  
cephalostat group  showed greater  reproducibility and less error than without 
cephalostat group .In a study done by Armijo et al
47
 in 2006, comparing head 
posture ,with ear-rods and with-out ear rods ,he noted that ,when  ear-rods were 
inserted in to external auditory meatus  there was straightening of the cervical spine 
(ie decrease in cervical lordosis) and pattern of extension in the atlanto-occipital joint, 
resulting in an erect body posture. Combined with the instructions given to the 
samples to achieve natural head position and along with the help of the ear-rods the 
patient achieves the NHP ,with less error, at all 3-time intervals  , in the cephalostat 
group .The above  mention reason could be the main factor for  greater  
reproducibility and less error in with cephalostat group than without cephalostat 
group, in my study . 
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Inter group findings between with cephalostat and without cephalostat in 
profile view (Table-II-4,5,6 and Graph- II-4,5,6)  for three time  intervals T0-T0, 
T1-T2, T2-T2 , here for all the  time intervals with cephalostat group  showed good 
reproducibility and less error than without cephalostat group  . In a study done by 
Armijo et al
47
 in 2006 , comparing head posture ,with ear-rods and with-out ear rods 
,he noted that ,when  ear-rods were inserted in to external auditory meatus  there was 
straightening of the cervical spine (ie decrease in cervical lordosis) and pattern of 
extension in the atlanto-occipital joint, resulting in an erect body posture. Combined 
with the instructions given to the samples to achieve natural head position and along 
with the help of the ear-rods the patient achieves the NHP ,with less error, at all 3-
time intervals  , in the cephalostat group .The above  mention reason could be the 
main factor for  greater  reproducibility and less error in with cephalostat group than 
without cephalostat group, in my study.  
In another study, Showftey et al
18
, Siersback et al
17
 ,Cooke et al
21
 and 
Solow et al
11
 pointed out that ,the use of ear-rods can positively influence 
reproducibility of NHP  ,in the cephalostat group when compared to without 
cephalostat group, as seen in my study.In another study  Cooke et al
21
 in 1988 
confirmed the above studies that subject position in the cephalostat group with the 
help of ear-rods had better reproducibility than other  methods, during the positioning 
of the subject in the cephalostat  was made to standardize the procedure for 
consistency .while without ear-post were reported to be of poor quality.  
With the advent of 3-dimensioanal technology and its introduction in the field 
of orthodontics, many authors have used this, to overcome the limitation of  2-
dimensional methods .Three dimensional methods like  ,Gyroscope ,Stereo-
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photographic system ,CBCT ,Multi-camera system and laser level ,Laser scan using 
Novel morphometric analysis system, were introduced to analyse the natural head 
position in all 3-planes of space simultaneously.      
Xiao et al
70
 in 2015 compared various 3-Dimensional studies like gyroscope, 
laser collimeter and 3-d multi-camera system  and concluded that ,the use of  laser 
reference lines to achieve the NHP, for quantification purposes  was proved to be 
better than other  manually created reference planes .In my 2-dimensional study ,since 
I have used plumb line as true vertical reference plane, the probability of increased 
reproducibility error is possible . In this same 3-Dimensional study they assessed the 
reproducibility of NHP , using x axis for coronal plane (roll) and y axis  for sagittal 
plane  (pitch) and co-ordinated with laser beam and found that reproducibility error 
was significantly less, when compared to my 2-Dimensional photographic study ,in 
frontal (coronal) and profile (sagittal) views. The above findings indicate that, 3-
dimensional study of NHP proved to be better method for greater reproducibility, with 
least errors than 2-Dimensional photographic methods. 
The term Natural head posture is a more, natural and physiological position 
of the head, determined by various functions performed in the cranio-facial region, 
such as respiration, swallowing,  vestibular orientation  during hearing, cranio-facial 
and neck muscle tonicity. The natural head posture varies from individual to 
individual due to the above mentioned factors . This terminology should not be 
confused or interchanged with the term Natural head position, in which, all the 
individuals head, are brought to a more standardized position for analyzing dento-
facial morphology .Since my study is related to finding the accuracy and 
reproducibility of natural head position, the normal functions like respiration 
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,swallowing cranio-facial mucle tonicity, could have, directly  or  indirectly 
influenced, the results of my study for reproducibility errors at different time 
intervals. In a 3-Dimensional study done by Diana et al
67
 in 2013 , confirmed that 
,more than 20 muscles in the head and neck region ,are triggered to respond , during 
natural  head positioning  ,which indirectly causes ,difficulty in maintaining the head 
position, while recording for errors ,individually .This could be one of  the reasons for 
intra-group errors and inter-group errors at different time intervals .
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This study was done, with the aim of eliciting the reproducibility errors of 
Natural head position for 30 samples at three different time intervals (T0-base 
line, T1-after 1 hour, T 2-after 1 week) with and without cephalostat, for both 
frontal and profile views using partially reflective and partially transparent one 
way mirror.  Since, earlier studies have included only profile view and not included 
frontal view for eliciting reproducibility errors, innovatively, in this study, I have 
used partially reflective and transparent mirror, which benefits, both for patient to 
see and at the same time operator can take frontal view photograph through the 
mirror as described in the methodology. All the patients were instructed the 
“standardized head position” only once, prior to taking photographs. Photographs 
were taken at three intervals of time for all samples and results were statistically 
analyzed for both the views , with and without cephalostat groups. 
At the end of my study, after finalizing the results, I would like to conclude 
that: 
1. Intra-group comparison in  frontal view ,with cephalostat, revealed that, 
T2 time intervals ( after 1week ) showed greater reproducibility of natural 
head position and less error than T1(after 1 hour) , and T0 time interval  
(base line ) showed least reproducibility and more error . 
2. Intra-group comparison in  frontal view, without cephalostat, revealed 
that, T2 time intervals ( after 1week ) showed greater reproducibility of 
natural head position and less error than T1(after 1 hour) , and T0 time 
interval  (base line ) showed least reproducibility and more error . 
3. Intra-group comparison in  profile view ,with cephalostat, revealed that, 
T2 time intervals ( after 1week ) showed greater reproducibility of natural 
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head position and less error than T1(after 1 hour) , and T0 time interval  
(base line ) showed least reproducibility and more error . 
4. Intra-group comparison in  profile  view ,without  cephalostat, revealed 
that, T2 time intervals ( after 1week ) showed greater reproducibility of 
natural head position and less error than T1(after 1 hour), and T0 time 
interval  (base line ) showed least reproducibility and more error . 
5. Intra-group comparison between time intervals (T0-T1,T0-T2,T1-T2) in 
frontal view, with cephalostat , revealed that , In T0-T1, T1 showed  greater 
reproducibility of natural head position and less error than T0(base line),  In 
T0-T2 , T2 showed greater reproducibility of natural head position and less 
error than T0(base line), In T1-T2 , T2 showed greater reproducibility of 
natural head position and less error than T1(after 1 hour). 
6. Intra-group comparison between time intervals (T0-T1,T0-T2,T1-T2) in 
frontal view, with-out cephalostat group, revealed that , In T0-T1, T1 
showed  greater reproducibility of natural head position and less error than 
T0(base line),  In T0-T2 , T2 showed greater reproducibility of natural head 
position and less error than T0(base line), In T1-T2 , T2 showed greater 
reproducibility of natural head position and less error than T1(after 1 hour). 
7. Intra-group comparison between time intervals (T0-T1,T0-T2,T1-T2) in 
profile view, with cephalostat , revealed that , In T0-T1, T1 showed  greater 
reproducibility of natural head position and less error than T0(base line),  In 
T0-T2 , T2 showed greater reproducibility of natural head position and less 
error than T0(base line), In T1-T2 , T2 showed greater reproducibility of 
natural head position and less error than T1(after 1 hour). 
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8. Intra-group comparison between time intervals (T0-T1,T0-T2,T1-T2) in 
profile view, with-out cephalostat revealed that , In T0-T1, T1 showed  
greater reproducibility of natural head position and less error than T0(base 
line),  In T0-T2 , T2 showed greater reproducibility of natural head position 
and less error than T0(base line), In T1-T2 , T2 showed greater 
reproducibility of natural head position and less error than T1(after 1 hour). 
9. Inter group comparison between with cephalostat and without 
cephalostat in frontal view revealed that, with cephalostat group showed 
greater reproducibility and less error than without cephalostat . 
10.  Inter group comparison between with cephalostat and without 
cephalostat in profile view revealed that, with cephalostat group showed 
greater reproducibility and less error than without cephalostat . 
The main advantage in this study is the use of partially reflected and 
transparent one way mirror, which facilitated me to undertake the study in the frontal 
view ,without affecting the patient needs .With the inclusion of frontal view, it 
facilitated me to find out the reproducibility error in this view also. After completing 
this study, I felt that   time interval used in this study, were of a short duration and 
more studies related to reproducibility error, can be undertaken with longer time 
intervals of time . The samples included in my study, did not have equal genders ,I 
was not able to compare the  reproducibility errors between males and females .With 
the advent of 3-dimensional technology, studies of this nature ,if undertaken using 
the 3-dimensional technology ,can ,still reduce the reproducibility error to a greater 
degree than the conventional methods, which would be of greater contribution to the 
science of orthodontics . 
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